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This study focused on the processing of breadfruit and cassava co-fermented into gari analogue. The microbial load was determined and the
microbes associated with the fermentation were identiﬁed. The shelf life of the co-fermented gari analogue samples was also determined.
A portion of both mature cassava tubers and matured but unripe breadfruit (Artocarpus altilis) was co-fermented (100:0, 0:100, 80:20, 70:30, and
60:40 Cassava: Breadfruit) to obtain gari analogue. The samples were evaluated for microbial loads (total viable, total yeast and mould count and
total lactic acid bacteria counts). The products were subjected to sensory analyses using a 7-point hedonic scale. Data obtained were subjected to
descriptive and inferential statistics. The results showed that six bacteria species were isolated from the fermenting mash, Corynebacterium
manihot, Lactobacillus plantarum, Bacillus subtilis, Bacillus coagulans, Bacillus species and Corynebacterium species. Also isolated were
Saccharomyces cerevisae, Saccharomyces fragilis, Saccharomyces rouxii and Geotricum candidum. Two moulds, Aspergillus niger and
Rhizopus stolonifer, were found associated with co-fermented meals of cassava and breadfruit. The sensory attributes of 100% breadfruit gari and
co-processed gari samples were signiﬁcantly different (p40.05) from the control; the co-processed gari samples were however rated higher than
the 100% breadfruit in terms of overall acceptability. All the gari samples retain their quality attributes during storage for six weeks, except for
the gari sample with 100% breadfruit, which deteriorated after three weeks. This study established that 20% of breadfruit co-fermented with
cassava yields a novel food product that compares favourably with 100% cassava gari in terms of microbial and sensory characteristics.
& 2015 Association of Vice-Chancellors of Nigerian Universities. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Breadfruit (Artocarpus altilis) belongs to the Moraceae family
of plants, which consists of about 50 genera and over 1000 species.
Breadfruit is propagated through stem-cuttings and the average ﬁrst
fruiting period of the crop is between 4 and 6 years (Amusa et al.,
2002). It produces its fruits up to three times in a year and the
number of fruits produced is very high. The fruit has been
described as an important staple food of a high economic value.
Breadfruit is one of the underutilized fruits and it differs from other
fruits because it has to be cooked before consumption. Breadfruit
plant is called gbere or Jaloke amongst the indigene of Ifewara in10.1016/j.nifoj.2015.04.003
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sities.South Western Nigeria. It was restricted to the Ile-Ife axis because
it was considered to be poor men’s substitute for yam by other
southwestern communities in Nigeria. Breadfruit is a staple food
that can be prepared into various main and side dishes, i.e. it can be
pounded, fried, boiled or mashed. It can also be processed into
ﬂour and used in making bread and biscuit (Amusa et al., 2002;
Omobuwajo, 2003). Breadfruit is now popularly grown in other
countries with tropical climates like Ghana, West Indies, Jamaica,
and Sierra Leone. In the South Western Nigeria where the
consumption is common, it is very important in alleviating rural
poverty because it can serve as a substitute for yam. The role of
breadfruit in poverty alleviation can be further expanded. One of
the ways in expanding its utilization is by processing it into an
already accepted popular food form, e.g. gari analogue, or
processing into forms in which it can be used as an extender.
Another area of interest to the food producer is the short shelf lifection and hosting by Elsevier B.V. This is an open access article under the CC
Fig. 1. Process ﬂow of gari analogue from breadfruit.
Source: Awoyemi, 2012.
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pest and diseases (Cook, 1975). Breadfruit is a good source
of potassium, vitamin C, niacin (vitamin B3) and dietary ﬁbre
(Ragone, 2002).
Cassava (Manihot esculenta) is widely cultivated and
consumed in tropical countries of Asia, South America and
Africa, where it is a staple food for many people (Cock, 1985).
Its use as human food is limited by its perishability, low
protein content and potential toxicity when not properly
fermented. In West Africa, cassava is popularly eaten in
fermented forms such as gari, lafun, fufu and starch
(Akinyosoye et al., 2001). Cassava contains more than one
form of cyanogenic glucosides. Different varieties of cassava
are generally classiﬁed into two main types: sweet cassava and
bitter cassava. Sweet cassava roots contain less than 50 mg per
kilogram hydrogen cyanide on fresh weight basis, whereas that
of the bitter variety contains up to 400 mg per kilogram (Ray
and Ward, 2006). Cassava roots can generally be made safe to
eat by peeling and thorough cooking. However, bitter cassava
roots require extensive processing. One of the traditional
processes to prepare bitter cassava roots is through peeling,
grating and fermentation, which precede cooking in order to
release the volatile hydrogen cyanide gas. Another process of
preparing bitter cassava roots is through cutting, soaking and
boiling in water; this is particularly effective in reducing the
cyanide content in cassava roots. Hence, adequately processed
cassava based products with very low cyanide contents are
considered safe to use by humans and for livestock feeds (Ray
and Ward, 2006).
Gari, a creamy white, granular cassava-based grit is
produced from freshly harvested cassava tubers, which are
cleaned, grated, dewatered, left to ferment and then toasted dry
in an open pan (i.e. gariﬁed). It is a staple food in many
communities in West Africa (Akinrele et al., 1962) and could
be eaten as snacks with coconut or groundnut and sugar, or it
could be prepared into a semi-solid meal with hot water called
eba and eaten with varieties of soups. Gari is by far the most
popular form in which cassava is consumed in Nigeria and
other West African countries (Ihekoronye and Ngoddy., 1985).
Cassava is very poor in protein (0.7–1.2%). The formulation of
cassava-based food products with supplemental protein for
adults and growing children may be necessary. One way of
achieving this is by blending gari with breadfruit, being a
relatively high protein food material (Coursey, 1982). Hence,
in this study, gari analogue was developed from co-fermented
breadfruit and cassava. The product was subjected to micro-
biological studies with the view to determining the microbial
load and microbes associated with the fermentation and
establish its acceptability as a food product.
2. Materials and methods
Freshly harvested matured but unripe breadfruits and
matured cassava tubers were purchased at Ita-Osa market,
Ile-Ife, Osun-State, Nigeria. Microbiological media and che-
micals of analytical grade were procured. Equipment were
supplied by the Department of Food Science and Technologyand Central Science laboratory, Obafemi Awolowo University,
Ile-Ife, Nigeria.
2.1. Fermentation of breadfruit into gari
Matured green ripe breadfruits were weighed, washed, peeled
and de-cored manually as shown in Fig. 1. Afterwards they
were sliced manually into 1 cm-thick slices. The slices were
grated mechanically and the mash obtained was placed
in a bag and subjected to hydraulic press for 5 days (72 h)
during which fermentation occurred and the juice drained off.
The dried cake was then sieved and roasted in an open pan. The
products obtained (i.e. gari and gari analogue) were packaged
in polythene bags for further analysis (Awoyemi, 2012).
Fig. 2. Process ﬂow of gari from cassava tubers.
Source: Akingbala et al., 2005; Awoyemi, 2012).
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Cassava tubers were sorted manually as shown in Fig. 2 to
separate roots, leaves and debris; they were weighed and then
peeled manually. The peeled tubers were thoroughly washed
and grated with a mechanical grater. The mash obtained was
placed in a bag and subjected to heavy pressure for ﬁve days
during which fermentation occurred and the juice was drained
off. The gari produced was covered with a plastic container for
further analysis (Akingbala et al., 2005).
2.3. Co-fermentation of breadfruit with cassava
Both cassava and breadfruit were co-fermented as shown in
Fig. 3. Three blends were prepared by weighing and mixing
breadfruit mash and cassava mash in the following proportion
of 80:20, 70:30 and 60:40. Others were 100% cassava
(control) and 100% breadfruit. Each of the blends obtained
and the controls of the experiment were made to undergo
microbiological and sensory analyses.
2.4. Microbial analyses
Nutrient agar (NA, LAB M), potato dextrose agar (PDA,
LAB M) and de Man Rogossa agar (MRS, LAB M) wereprepared and used for total viable count, yeast and mould
count and lactic acid bacteria count, respectively. Serial
dilution was carried out with distilled water to obtain 10:1
dilution. After proper mixing, 10 mL of the diluted sample
was subsequently transferred aseptically into another 9 mL
of diluents. This was repeated until 108 dilution was
obtained. From each diluted sample, 1 mL was transferred
with a sterile pipette into a sterile plate. Into each plate was
added about 20 mL of molten medium. Following proper
mixing of medium with the sample, plates were allowed to
set and subsequently incubated. NA and MRS plates were
incubated at 3771 1C for 24 h and 72 h, respectively, while
PDA plates were incubated at 2871 1C for 3–5 days
(Harrigan, 1998)2.5. Isolation and identiﬁcation of mould
Fungal isolates were characterized and identiﬁed based on
morphological and cultural features. Slide cultures and agar
blocks of each pure isolates were prepared, observed under a
light microscope (Leica Galen III), and references were made
to mycological identiﬁcation keys and taxonomic descriptions
(Harrigan and McCance, 1976).2.6. Characterization and identiﬁcation of bacteria and yeast
isolates
The different biochemical tests were carried out on 18 h old
pure cultures of each bacteria isolates and 48 h old yeast
isolates following microscopic examination. Results were
interpreted with the identiﬁcation schemes of the 8th Edition
of Bergey's manual of Determinative Bacteriology (Harrigan,
1998).2.7. Sensory evaluation of gari and gari analogue
Meal blends from cassava and breadfruit were presented
with water, to be taken as gari. This was subjected to sensory
evaluation at different sessions by a panel of 20 people each
comprising male and female staff and students of the Depart-
ment of Food Science and Technology, Obafemi Awolowo
University. Another gari sample purchased in the market was
included, as the reference sample. The panelists were asked
to evaluate the samples for colour appearance, taste/ﬂavour,
aroma, texture and overall acceptability using a 7-point
hedonic scale with 1 representing the least score (dislike very
much) and 7 the highest score (like very much). Sets of three
digits random numbers was assigned to each sample. The order
or presentation was balanced and randomized to eliminate
contrast effect and positional bias. The sensory scores for gari
samples were subjected to analysis of variance (ANOVA) to
determine whether there were statistically signiﬁcant prefer-
ences in sensory attributes and Duncan's multiple range test
was used to determine which of the samples were signiﬁcantly
preferred (Larmond, 1977; Rao et al., 2009).
Fig. 3. Process ﬂow for the co- processing of breadfruit and cassava tuber into gari.
Source: Akingbala et al., 2005; Awoyemi, 2012).
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Microbial counts of co-fermented breadfruit and cassava
gari inoculated on nutrient agar, MRS agar and potato dextrose
agar are shown in Tables 1–3, respectively. The total viable
counts obtained ranged from 3.84 (log cfu/g) to 7.88 (log cfu/g).
The total viable count of 100% breadfruit greatly increased
during the fermentation period with a difference of 1.62 (log
cfu/g), while 100% cassava mash recorded a lower increase
in microbial load of 0.64 (log cfu/g). This could have been
because breadfruit has more protein content than cassava.All co-fermented samples exhibited higher increase in total
viable count over the fermentation period. There was a general
increase in the TVC from 4.09 (log cfu/g) during Day 0 to
6.40 (log cfu/g) in Day 1 of fermentation. This represents the
exponential phase of the growth of these microbes. Time was
needed for the microbes to adjust to the environment and repair
damaged genetic materials (Prescott et al., 1991). Adeniran
et al. (2012) also reported a similar trend during the fermenta-
tion of breadfruit in fufu production. The increase could be due
to the availability of substrates and prevalent conducive
environment for the microorganisms to metabolize available
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to 5. The increase in microbial loads was exponential within
24 h. Steady increase was observed thereafter until the end of
fermentation. The yeast count ranged from 3.84 (log cfu/g) toTable 1
Total viable count of co-fermented cassava and breadfruit during fermentation
(log cfu/g).
Samples Fermentation period (days)
0 1 2 3 4
100% C 4.0970.04b 6.4070.02b 6.5870.21b 6.6070.01d 6.7170.13d
100% B 4.3870.21a 6.6570.43a 6.7270.27a 6.7870.2b 7.8870.35a
80%C:
20%B
4.3970.01a 6.3470.31c 6.4970.12c 6.6970.24c 7.7870.19b
70%C:
30%B
4.0470.43c 6.2870.23c 6.3470.30d 6.8170.44a 6.9370.20c
60%C:
40%B
3.8470.01d 5.8570.05e 6.1570.04e 6.3970.32e 6.8570.10e
Values are expressed as mean7standard deviation (means values of three
replicates).
All mean values with different superscripts in columns are signiﬁcantly
different.
C=cassava, B=breadfruit.
Table 2
Total yeast/mould count of co-fermented cassava and breadfruit during
fermentation (log cfu/g).
Samples Fermentation period (days)
0 1 2 3 4
100% C 4.2370.26b 6.2070.25c 6.6170.31b 6.7470.21b 6.8470.81d
100% B 4.1370.01d 5.9670.45e 6.1070.17e 6.4070.18d 8.5370.71a
80%C:
20%B
4.3170.11a 6.187022d 6.5870.14c 6.6370.14c 6.7370.19e
70%C:
30%B
4.1770.19c 6.3470.14b 6.4970.31d 6.7470.19b 7.9370.12b
60%C:
40%B
3.8470.23e 6.8570.21a 7.0470.31a 7.6370.21a 7.8070.11a
Values are expressed as mean7standard deviation (means values of three
replicates).
All mean values with different superscripts in columns are signiﬁcantly
different.
C=cassava, B=breadfruit.
Table 3
Total lactic acid bacteria count of co-fermented cassava and breadfruit during ferm
Samples Fermentation period (days)
0 1
100% Cassava (c) 2.5270.21d 4.6270.18a
100% Breadfruit (B) 2.3170.21e 4.4570.16c
80%C: 20%B 2.8370.13c 4.3670.41d
70%C:30%B 2.9170.19a 4.5370.31b
60%C:40%B 2.8670.14b 4.3270.11e
Values are expressed as mean7standard deviation (mean values of three replicate
All mean values with different superscripts in columns are signiﬁcantly different.
C=cassava, B=breadfruit.4.23 (log cfu/g) during the ﬁrst 24 h in all the samples.
Population growth pattern recorded for yeast and moulds
follow the same pattern with TVC except in 100% breadfruit
sample.
From Day 1 to Day 4 there was a steady increase in the
count during the period of fermentation. Breadfruit contains
reducing sugars that were readily available to yeasts. Yeasts
have been implicated in fermentation of cassava and breadfruit
in the production of fufu analogue (Adeniran et al., 2012).
Yeast count increased gradually with increase in the quantity
of breadfruit present. The lactic acid bacterial count ranged
from 2.31 (log cfu/g) to 2.91 (log cfu/g) for the ﬁrst day. The
trend of increase in lactic acid bacteria count follows the same
trend as that of the total viable count. LAB in fermenting
breadfruit and cassava increased exponentially within 24 h of
fermentation, while it increased by a lesser margin thereafter
until Day 4. Subsequently, a general increase in LAB was
noticed until the end of the fermentation. There was visible
increase in the lactic acid bacteria during fermentation. Lactic
acid bacteria are involved in natural fermentation of gari
(Bassir, 1962; Okafor, 1997; Ngaba and Lee, 1979). The
dynamics of fermentation in any food matrix is a complex
microbiological process involving interactions between differ-
ent microorganisms (Omafuvbe et al., 2003).3.1. Identiﬁcation of the microbial colonies
Six bacteria isolates were obtained from the fermenting
mash. The isolates from the fermenting mash were identiﬁed as
Bacillus subtilis, Lactobacillus plantarum, Corynebacterium
species, Bacillus coagulans, Corynebacterium manihot, and
Bacillus species. Three yeasts were also isolated; they were
Saccharomyces rouxii, Saccharomyces fragilis and Sacchar-
omyces cerevisae. Three moulds were identiﬁed as Aspergillus
niger, Rhizopus stolonifer and Geotricum candidum.
Morphological and biochemical characteristics of the iso-
lated microorganisms are summarized in Table 4. Species of
Bacillus were found to be the predominant microorganism
in the fermented mash. The preponderance of Bacillus
species has been reported in other fermenting cassava mash
(Omafuvbe et al., 2003). They are predominant because theyentation (log cfu/g).
2 3 4
4.7970.15a 4.8470.21e 6.8870.91e
4.6070.41c 6.7570.51b 7.8870.10a
4.5370.51d 6.6870.81d 7.7970.31c
4.6170.51b 7.0070.93a 7.7670.71d
4.5170.21e 6.7270.16c 7.8070.47b
s).
Table 4
Morphological and biochemical characteristics of bacterial isolates.
Biochemical test Isolates
B1 B2 B3 B4 B5 B6
Cell morphology: Central spore, Gram þve
small rods
Long rods with
endospore
Long rods, thread like
with spore
Gram þve rods no
spore
Small rods,
central rods
Small rods, without
spore
Gram’s reaction þ þ þ þ þ þ
Catalase test – – þ þ þ þ
Oxidase reaction – – – – – þ
Starch hydrolyis þ þ þ þ þ þ
Gelatin hydrolysis þ þ þ þ þ þ
Growth at
15 1C þ þ þ þ þ þ
50 1C þ þ þ þ þ þ
60 1C þ þ þ þ þ þ
65 1C – – – – – –
Growth in Hugh AN A F/A AE F/A AE
Leifson medium
Nitrate reduction þ þ þ þ þ þ
Citrate utilization – þ þ – þ þ
Methyl-red test þ þ þ þ þ þ
Sugar fermentation in
Mannitol þ – þ þ þ þ
Sucrose þ þ þ þ þ þ
Fructose þ þ þ þ þ þ
Arabinose þ þ – þ þ þ
Galactose þ þ þ þ þ þ
Voges–Proscaeur test ND þ þ – – –
Probable identity of
organism
Lactobacillus plantarum Bacillus subtilis Bacillus coagulans Corynebacteriu m Bacillus species Corynebacterium
Key: þ=positive, –=negative, F/A=facultative/aerobic, AE=aerobic, AN=anaerobic, ND=not determined.
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major constituents of cassava and breadfruit. Pederson (1979)
similarly reported that B. subtilis, Bacillus licheniformis and
Corynebacterium were associated with the fermentation of
cassava to produce gari. Corynebacterium is known to be an
early colonizer associated with cassava fermentation to gari. It
converts starch to lactic acid and formic acid, thus lowering the
pH (Akingbala et al., 2005). Most of the organisms isolated
were facultative anaerobes capable of utilizing the carbon
sources that are mainly sucrose, glucose and fructose present in
breadfruit as well as cassava tubers (Akinyosoye et al., 2001).
A total of eleven microbial strains were isolated, these are
B. subtilis, L. plantarum, Corynebacterium species, B. coagulan,
C. manihot, Bacillus species, S. rouxii, S. fragilis, S. cerevisae,
G. candidum, A. niger and R. stolonifer. Microbial succession
following days of fermentation revealed that B. subtilis and
L. plantarum occurred during the 4 days of fermentation,
indicating they may be important in the fermentation process
(Table 5). C. manihot and Bacillus species were isolated at
Days 0 and 1, Corynebacterium species at Days 1–3 because
they are early colonizers in the fermentation of cassava.
S. cerevisae on Day 2, S. fragilis, S. roxii and G. candidum
predominated at days 3, 4 and 5 of fermentation while A. niger
and R. stolonifer predominated at the later stages of thefermentation (Days 4 and 5) because the environment had
been modiﬁed by the early colonizers for the later colonizers.
Presence of cyanogenic glucosides renders cassava nourishable
for colonization by many microbes. During fermentation, this
compound is broken down especially by Corynebacterium.
Production of organic acids by LAB and ﬂavorous substances
by yeasts are known to contribute to the ﬂavour and aroma of
the ﬁnal product (Akinyosoye et al., 2001). The presence of
LAB such as L. plantarum, Lactobacillus brevis or Lactoba-
cillus fermentum especially after 24 h of fermentation could
explain the reason for the progressive lowering of pH from
3.83 to 3.73 with increase in total titratable acidity (TTA) from
0.0027% to 0.0035% at Day 4 of fermentation. All the isolates
were found to contribute in varying degree to taste and aroma
of fermented cassava.
3.2. Sensory evaluation of gari samples
Table 6 shows the sensory evaluation mean scores for the
samples of gari obtained from whole cassava and breadfruit
gari as well as co-fermented breadfruit/cassava gari. The
appearance of gari to a great extent depends on the level of
hygiene exhibited by the processor, also depending on the
amount of mash water, neatness of utensils that come in
Table 5
Successions of the isolated organisms during the fermentation process of breadfruit and cassava gari analogue.
Microorganisms Samples Fermentation time (days)
0 1 2 3 4
Lactobacillus fermentum
100%C þ þ þ þ þ
100%B þ þ þ þ þ
80%C:20%B þ þ þ þ þ
70%C:30%B þ þ þ þ þ
60%C:40%B þ þ þ þ þ
Bacillus subtilis 100%C þ þ þ þ þ
100%B þ þ þ þ þ
80%C:20%B þ þ þ þ þ
70%C:30%B þ þ þ þ þ
60%C:40%B þ þ þ þ þ
B. coagulans 100%C  þ  þ þ
100%B    þ þ
80%C:20%B     þ
70%C:30%B     þ
60%C:40%B    þ þ
C. manihot 100%C þ þ þ  þ
100%B þ þ   þ
80%C:20%B þ þ þ  þ
70%C:30%B þ þ þ  þ
60%C:40%B þ þ þ  þ
Bacillus sp. 100%C þ þ  þ þ
100%B þ  þ þ 
80%C:20%B þ þ   
70%C:30%B þ  þ  þ
60%C:40%B þ    
Corynebacterium sp. 100%C þ  þ þ þ
100%B   þ  
80%C:20%B þ  þ  þ
70%C:30%B þ  þ  
60%C:40%B  þ þ  
Saccharomyces fragilis 100%C    þ þ
100%B     
80%C:20%B     
70%C:30%B   þ þ þ
60%C:40%B     þ
Saccharomyces rouxii 100%C   þ  þ
100%B   þ þ þ
80%C:20%B    þ þ
70%C:30%B     þ
60%C:40%B    þ þ
Saccharomyces cerevisae 100%C  þ þ þ þ
100%B   þ  
80%C: 20%B    þ 
70%C:30%B     
60%C:40%B   þ þ 
Geotrichum candidum 100%C    þ þ
100%B    þ 
80%C:20%B     þ
70%C:30%B    þ 
60%C:40%B    þ 
Aspergillus niger 100%C     þ
100%B     þ
80%C:20%B     þ
70%C:30%B     þ
60%C:40%B    þ
Rhizopus stolonifer 100%C     þ
100%B     þ
80%C:20%B     þ
70%C:30%B     þ
60%C:40%B     þ
Key: þ=positive, =negative.
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Table 6
Mean sensory scores of gari and gari analogue.
Samples colour Flavour Taste Texture Overall Acceptability
100%C 6.5470.6a 6.5470.52a 6.6970.48a 6.6270.65a 6.5470.52b
100%B 3.1571.57d 3.5471.61c 2.1371.77e 3.0071.36e 3.0771.27d
80%C:20%B 6.5470.52a 6.5470.66a 6.2370.73b 6.3170.65b 6.6270.65a
70%C:30%B 4.9270.64b 5.1571.14b 4.1271.26c 4.5471.05c 5.0070.71c
60%C:40%B 3.4370.69c 3.6471.65c 3.547166d 3.8871.39d 3.0871.44d
Values are expressed as mean7standard deviation (means values of three replicates).
All mean values with different superscripts in columns are signiﬁcantly different.
C=cassava, B=breadfruit.
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Owuamanam, 2001).
The sensory scores for colour varied between 3.15 and 6.54
with gari made from 100% breadfruit recording the lowest
mean (3.15) and the control (100%C) recording the highest
score (6.54). Samples from co- fermented gari recorded
signiﬁcantly (po0.05) higher scores when compared with
gari made from co-fermented gari samples. The off-white
colour of breadfruit gari, which was not acceptable to the
panelists might have contributed to the low scores received.
When co-processed, the fermenting organisms could have
probably worked on the breadfruit portion and changed its
colour. From the result, the sample of gari prepared from
the least amount of breadfruit (20%) gave the best colour.
It could therefore mean that the co-fermentation of cassava
with breadfruit at 20% substitution would give an acceptable
colour.
Gari prepared from 100% breadfruit had the least score
(3.54) on ﬂavour while the control sample (100%C) recorded
the highest scores (6.54). Samples of gari from co-fermented
recorded signiﬁcantly (p40.05) higher scores when compared
with substituted gari samples. The characteristics ﬂavour of
gari is derived from the products of metabolic activities of the
fermenting microorganisms. Most of these organisms are
native to the ﬂesh of cassava tubers, which during fermentation
produced the characteristics ﬂavour of gari. Thus, when co-
processed, the fermenting organisms in cassava tubers could
have contributed to the characteristic ﬂavour in the co-
fermented samples, leading to the signiﬁcant improvement in
the ﬂavour. The effect of fermenting organisms in breadfruit
which differ in chemical composition could have contributed
to the least score (3.54) in gari produced from 100% bread-
fruit, which also reﬂected in the low scores recorded from the
sample of gari prepared when the same breadfruit gari was
substituted for cassava gari.
Gari is most preferred when it is very sour, meaning that it
must have undergone proper fermentation. The sensory scores
for taste ranged from 2.13 to 6.69 on taste. With gari from
100% breadfruit rated the lowest (2.13) and the control sample
(100%C) exhibiting the highest score of 6.69. The scores
recorded for the samples of gari from co-fermented gari were
signiﬁcantly (p40.05) higher than the scores exhibited for the
samples made from substituted gari. Gari is normally eaten
with sugar or groundnut. Use of groundnut complements thelow protein and vitamin contents of cassava (Achinewhu et al.,
1998).
The breakdown of starch in fresh cassava by C. manihot into
simple sugars and the subsequent fermentation to produce
lactic and formic acids resulting in pH drop could be
responsible for the production of the characteristics taste of
gari (Oluwole et al., 2004). This could have contributed to the
highest score (6.69) recorded for gari made from 100%
cassava (control sample) and this greatly affected the taste
attribute of gari from 100% breadfruit, which was rated the
lowest. When co-fermented, the breakdown of starch in fresh
cassava into simple sugars had great effect on the gari
analogues, which contributed to the highest scores of 100%
cassava gari when compared to the low scores recorded for
100% breadfruit gari. It can be deduced from the result of taste
evaluation that the co-fermentation method had a signiﬁcant
positive effect on the taste of gari samples when compared to
substituting breadfruit gari with cassava for gari production.
Texture is also one of the important attributes of gari that
can inﬂuence acceptability by consumers. The scores for the
texture of gari prepared from all the samples ranged from 3.00
to 6.62 with 100% breadfruit gari having the least score (3.00)
and 100% cassava gari rated the highest (6.62). The observa-
tion was not different from the previous observation with
respect to other quality attributes as shown in Table 4.9. The
co-fermented gari are signiﬁcantly (po0.05) different even
though the sample prepared from the least amount of breadfruit
(20%) gave the best texture. The texture of gari produced from
100% breadfruit was not encouraging and this might have
contributed to the low scores received when the same bread-
fruit gari was substituted for cassava gari.
Overall acceptability is a reﬂection of the total scores for all
the sensory attributes. It varied between 3.07 and 6.54. One
hundred percent breadfruit gari had the lowest score (3.07)
while 100% cassava gari exhibited the highest score (6.54).
Also, there was no signiﬁcant difference (po0.05) in the
co-fermented gari (80:20, 70:30, 60:40), with 80:20 exhibiting
the highest score (6.62). Hence, it can be deduced from the
result that the sample of gari made from the least amount of
breadfruit (20%) rated the highest for all the sensory attributes.
Sample 80:20 scores were signiﬁcantly (po0.05) higher in all
the experimental samples in all of the quality attributes. This
implies that co-fermentation of cassava with breadfruit at 20%
substitution is acceptable to the consumers.
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This study explored the potentials of substituting breadfruit
into cassava to obtain gari. The study showed that there was
steady increase in the total viable count, total yeast and mould
count and total lactic acid bacterial count during the fermenta-
tion of the co-processed gari. L. fermentum, B. subtilis and
Corynebacterium species were present throughout the fermen-
tation period while B. coagulans, S. rouxii, S. cerevisea,
S. fragilis, G. candidum, Aspergilus niger and R. stolonifer
were found at the later stage of fermentation. Taste panelists
considered 80%C: 20%B gari comparable with 100% cassava
gari. In overall acceptability though lower in other taste
quality parameter. The high ﬁbre content exhibited by the
gari obtained from 100% breadfruit and co-processed samples
could offer improved dietary utilization of gari. Since fermen-
ted products remain of interest, they do not require refrigera-
tion during distribution and storage. Breadfruit is relatively
cheap and under-utilized in the country; co-fermenting it with
cassava to produce gari will assist in the utilization potential
and thus contribute to food security of Nigeria and other
countries where gari is consumed.References
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